Abstract. In this contribution micro machining induced changes in surface morphology, including phase transformation from fcc-austenite into hcp-and bcc-martensite as well as defined surface topography of TRIP/TWIP steel was characterized by scanning electron microscopy using electron backscatter diffraction (EBSD) technique. For this, applying micro milling and micro grinding processes with tool diameter of 45 μm, structures were machined into flat specimen surfaces of X30MnAl17-1 steel in defined areas previously characterized by EBSD.
Introduction
Surface morphology of metallic materials significantly influences mechanical properties like e.g. fatigue strength [1] [2] [3] as well as tribological properties like wear and friction [4] [5] . On the one hand, surface morphology can be modified by manufacturing processes [6] [7] [8] . On the other hand, significant changes in microstructure and, consequently, variation in mechanical and physical properties can be achieved depending on chemical composition and heat treatment [9] [10] [11] .
High alloy transformation induced plasticity / twinning induced plasticity (TRIP/TWIP) steels offer microstructural changes by martensitic transformation and twining to achieve outstanding mechanical and tribological properties. Due to alloying with manganese, aluminium and silicium a fully paramagnetic metastable fcc-austenitic microstructure can be achieved at ambient temperature, which transforms by mechanical deformation into paramagnetic hcp-martensite and/or ferromagnetic bcc-martensite as well as forms twins, respectively [9] [10] [11] . Because of high metastability of such TRIP/TWIP steels the above mentioned processes can take place at ambient or elevated temperature.
Micro milling and micro grinding are suitable for manufacturing component surfaces with defined morphology on the microscale. Actually the minimal size of structures manufactured by micro milling and micro grinding is 4 μm [12] [13] , of course depending on the material machined. Up to now, micro machining processes were investigated for copper [14] [15] , AISI 1045 steel [16] and titanium [17] , but no results from literature are known for TRIP/TWIP steels. In this contribution, the influences of micro machining process on the surface and near surface morphology of TRIP/TWIP steel are presented and discussed.
Material and experimental setup
The investigated X30MnAl17-1 steel was provided as sheet with 1.5 mm thickness. This TRIP/TWIP steel was developed and manufactured within the CRC 761 "steel ab initio", Aachen, Germany. The nominal chemical composition is given in Tab. 1. 
Microstructure and mechanical properties

Initial microstructure and chemical composition
The material was delivered in cold-rolled state, with a degree of deformation of 50 % and resulting hardness 437 HV10. The as-delivered microstructure is shown in Fig. 1 . 
In situ x-ray investigation of thermal induced martensite -austenite back transformation
To obtain a fully austenitic microstructure as well as for characterisation of kinetics of thermally induced martensite-austenite back transformation, in situ x-ray phase analysis during heating from ambient temperature up to 1200 °C was performed using a heat chamber applied in an Empyrean-diffractometer. A 10x10x1.5 mm sized specimen was stepwise (50°C / step) heated in vacuum, held for 30 minutes at each step and analyzed using CuK D radiation with a spot size of 1.5x1.5 mm 2 . Further increase of temperature leads to an increase of intensity of (101) D´-martensite with simultaneous decrease of (111) J and (011) H -martensite peak intensity. During heating up to 800 °C the amount of D´-martensite increased, as previously observed by other authors [19] for metastable austenitic stainless steels. Hence, at 800 °C only (101) D´-martensite was measured ( Fig. 2c) . At temperatures higher than 800 °C back transformation of martensite into austenite occurs and finally at 1050 °C no martensite content was measured at all (Fig. 2d ). This temperature was therefore used for solution annealing treatment in air for 30 minutes followed by quenching in water bevor the tensile tests described in the next section were started. Figure 3 shows stress-elongation and Feritscope ® -dataelongation curves, measured during a monotonic tensile test at a miniature specimen with a section area of 1.4 mm 2 and a gauge length of 10 mm. For the measurement of elastic modulus E an extensometer with ±10 % strain range was used. Due to the high elongation to fracture of 60 %, stress and bcc-martensite fraction are plotted versus elongation, which was measured by the traverse displacement. The tensile test was performed using a Kammrath&Weiss miniature tensile/compression stage with ±5 kN max. load. The direct relationship between mechanical stress and development of ferromagnetic D´-martensite is obvious in Fig. 3 . This relationship can be used for estimation of stress level in mechanically loaded TRIP/TWIP steels. The mechanical properties are summarized in Table 2 . 
Mechanical properties
Experimental setup and tools for micromachining
Parameter studies on machining of TRIP/TWIP steels via micro milling or micro grinding do not exist yet. For the research presented in this paper, parameters were used that were suitable for machining steels with comparable hardness.
Tool specifications
The tools to manufacture the micro slots investigated in the present study (a micro end mill and a micro pencil grinding tool (MPGT), depicted in Fig. 4) were manufactured at the Institute for Manufacturing Technology and Production Systems (FBK) of University of Kaiserslautern. The slots were machined on the Nano Grinding Center (NGC), a desktop machine developed at FBK [20] .
(a) (b) Both tools (blanks) were made of ultra-fine grained cemented carbide (WC in cobalt Matrix) with a hardness of 2000 HV 30 [17] , a grain size of 0.2 μm, 9% cobalt and a bending strength of 4800 N/mm² [20] . The blanks have a diameter of 1/8" and a length of 32.5 mm. The geometry of the tools is manufactured using ultra-thin grinding wheels. Details on tool manufacturing can be found in [17] and [20] . The micro end mills provided a rake angle of 0°, a clearance angle of 2.3° and a minor cutting edge angle of 12°. The MPGT provided electroplated layers with diamond grains. The nominal grain size was D1-D2 (1 to 2 μm), according to the manufacturer of the grains.
Process design
For milling, a feed rate of the workpiece v f of 15 mm/min at a rotational speed of 60000 rpm was used, corresponding to a feed per tooth of 0.25 μm. For grinding, a feed rate of the workpiece v f of 0.1 mm/min at a rotational speed of 60000 rpm was used. Both processes are promising techniques to manufacture microscopic structures in a large variety of materials with sufficient material removal rates. The slots were machined on the NGC. The specimens were clamped onto an application module, a conventional linear X-Y stage with an accuracy of ±250 nm and a unidirectional repeatability of ±25 nm [20] . The main spindle in which the tools are clamped for manufacturing of the slots features air bearing and is capable of rotational speeds up to 160000 rpm. A camera module with a magnification of 400 at a working distance of 81 mm is used for process control [20] . The tools are moved towards the specimen in 0.5 μm steps until a tool-specimen contact is detected via the camera. This position is used as reference for setting the depth of cut.
Micro machined surfaces
Eight slots were micro machined at the surface of a flat specimen in fully austenitic state. Four by micro grinding (#1, #2, #3, #4 in Fig. 5b ) and four (#5, #6, #7, #8 in Fig. 5b ) by micro milling, to investigate the influence of both processes on local microstructure, i.e. martensite transformation and twinning. The flat specimen was the same as for in situ x-ray investigations described in section 2.1.2. ESOMAT 2015
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Each slot provides a length of 150 μm and a width of 45 μm (corresponding to the diameter of the tools), while the depth (a p ) was varied from 5 to 10 μm. Each slot was machined in one cut, i.e. the depth of cut was set according to the depth of the slot to be achieved. For characterization of the influence of micro machining an area of 500 x 500 μm² was selected and EBSDcharacterized in its initial state (Fig. 5a ). Exactly in this area, marked by micro hardness indents, the eight slots were micro machined according to the parameters given above. An EBSD mapping of the machined area is shown in Fig. 5b . Some slots are localized in multiple grains e.g. slot #3, others in single (111)J grains, as slot #5.
Micro grinding
For comprehensive characterization of influences of micro grinding on surface morphology some details of slot #3, i.e. the initial microstructure (Fig. 6a) , topography after micro grinding (Fig. 6b) , topography after mechanical and electrolytic polishing (Fig. 6c) , grain orientation (Fig. 6d ), phase content ( Fig. 6e ) and miss-orientation (Fig. 6f) after micro machining are shown. The geometry of slot #3 is: length 150 μm, width 45 μm (corresponding to the diameter of the tool) and depth 10 μm. Comparing Fig. 6a with 6d, the micro grinding induced change in grain orientation can be clearly seen. In the (101) J austenite grain plastic deformation induced phase transformation (comp. 6d and 6e). Hence, higher contents of bcc-martensite and of hcp-martensite were detected in the middle and at the lower end of the slot, while at upper end where the tool was "immersed" into the surface at the beginning of the micro grinding process, could be characterized by EBSD, even after additional polishing, see Fig. 6d . Note that due to the additional polishing step after micro machining (Fig. 6c ) material is removed from the surface and, consequently, the observed microstructure around the groove is localized below the initial surface. An increased degree of miss-orientation, which is correlated with higher defect density, was detected inside the slot as well as in the surface regions surrounding the edge. electrical polishing, EBSD analysis was, opposed to the micro grinded slot #3, even possible in the area where the micro milling tool was placed into the material. Note that with a depth of 5 μm, this slot was two-times flatter than in case of micro grinding. The phase analysis shows higher content of hcp-martensite with small bccmartensite fraction in the region of inlet of micro milling tool at the upper end of the slot. The crystallographic orientation of fcc-austenite and micro milling induced hcp-martensite was (111) J // (100) H . Only small amount of bcc-martensite was detected inside the slot, but a higher content of this phase was measured on the down milling side of the tool on the left side of the groove (Fig. 7e) . Because a grain boundary is exactly located on the up milling side, further conclusions of influences of milling process (influence of down or up milling) on microstructural changes and phase transformation in a single grain can't be drawn from this specific measurement. However, it should be noted that no transformation is detected in the directly neighbouring grain, indicating that grain boundaries may act as obstacles against phase transformation processes induced by localized plastic deformation. The miss-orientation map (Fig. 7f) shows a higher concentration of plastic deformation/defects at the milling tool insertion area as well as in (111) J austenite grain on the down milling side. Opposite to this, at the up milling side, no significant miss-orientation was measured in the neighbouring grain, which is in-line to the observation that in this region no phase transformation occurred.
Micro milling
Conclusions
In the present study micro grinding and micro milling were for the first time successfully used for machining the surface of novel, high alloyed, fully austenitic TRIP/TWIP steel based on the Fe-Mn-Al-Si concept, which was developed within the CRC 761 "steel ab initio". The material shows high metastability and, consequently, plasticity induced martensitic phase transformations occur, when plastic deformation takes places during micro machining at ambient temperature. Micro cutting tools with a diameter of 45 μm were used both for micro milling and micro grinding. This small tool dimensions allow manufacturing of slots within one grain of the investigated material. Using EBSD, local microstructural changes in the machined slots and at the surrounding surface were characterized. Besides phase transformation from fcc-austenite into hcp-and bccmartensite increased local miss-orientation resulting from the machining processes was identified.
As a mid-to long-term perspective, local phase transformation in TRIP/TWIP steels can be used for the determination of cutting forces during micro machining via inverse problem solving. Determination of force is of special interest for the dimensions presented in this study due to the low magnitudes of force in this regime. Furthermore, micro machined surface from TRIP/TWIP steels can be used for the increase of fatigue and wear resistance by introduction of high strength phases in and close to the machined structures. Both challenges require further systematic experimental and modelling investigations.
